Background and aims: Liver steatosis is frequent in chronic hepatitis C, particularly in patients infected with hepatitis C virus (HCV) genotype 3. The aim of this study was to determine the relationship between steatosis and fibrosis in chronic hepatitis C as a function of viral genotype. Methods: A multivariable logistic regression analysis was carried out in 755 chronic hepatitis C patients (mean body mass index (BMI) 24.11 kg/m 2 ; 178 with genotype 3), consecutively admitted to three referral hospitals. Liver histology showed steatosis in 315 and fibrosis in 605 patients, of whom 187 had cirrhosis (78 compensated and 109 decompensated). Results: Steatosis was independently associated with fibrosis (p,0.001), genotype 3 (p,0.001), BMI (p,0.001), ongoing alcohol abuse (p,0.001), and age (p = 0.001). Fibrosis was associated with the Metavir activity score (p,0.001), age (p,0.001), steatosis (p = 0.001), past alcohol abuse for .5 years (p = 0.015), and BMI (p = 0.034). When regression analysis was repeated on patients divided according to viral genotype (that is, 3 v non-3) to identify type specific risk factors, steatosis was associated with ongoing alcohol abuse (p,0.001) and age (p = 0.01) only in non-3 genotype infected patients and with Metavir activity (p = 0.044) only in genotype 3 infected patients. Similarly, fibrosis was associated with steatosis only in genotype 3 infected individuals (p = 0.018), and with past alcohol abuse (p = 0.003) and (marginally) diabetes (p = 0.078) only in non-3 genotype infected patients. Conclusions: Steatosis influences chronic hepatitis C progression in a genotype specific way. Patients infected with genotype 3 and histologically confirmed steatosis should not be deferred from effective antiviral therapy. C hronic infection with the hepatitis C virus (HCV) is a major cause of progressive liver damage and the long term sequelae include cirrhosis and primary hepatocellular carcinoma. 1 Although most HCV associated liver damage is immunomediated, 2 some histopathological features, such as liver steatosis, suggest a viral cytopathic effect. 3 4 Several observations indicate that steatosis may be directly due to HCV: its association with genotype 3, 3 5-9 correlation between its severity and level of HCV replication, 3 7 and its disappearance on response to antiviral therapy. 3 9 10 However, some data suggest that the pathogenesis of mild steatosis of most HCV infected patients may be metabolic as its severity correlates with body mass index (BMI) 7 whereas only the moderate to severe steatosis typically found in patients with genotype 3 may be HCV related. 3 7 Thus steatosis observed in chronic hepatitis C is not always virally related as other factors may coexist. This is not surprising considering the frequency of liver steatosis in the general population (,15%). 11 12 A major question concerns the impact of steatosis on liver disease progression, as suggested by some authors. 3 6-8 13 Cohort studies on patients with non-alcoholic fatty liver disease show that simple steatosis runs a benign nonprogressive clinical course. 14 15 However, steatosis in chronic hepatitis C is almost invariably accompanied by some degree of necroinflammation. Thus steatosis may contribute to liver disease progression either directly or via a synergistic effect with inflammation or other cofactors. To address this issue, we analysed the role of HCV and other factors of liver steatosis and fibrosis in 755 chronic hepatitis C patients by multivariable logistic regression. We then repeated the analysis after stratifying patients according to HCV genotype-that is, patients infected with genotype 3 (in whom steatosis is mostly caused by HCV) versus those with other genotypes, in whom other causes of steatosis and, possibly, liver fibrosis progression, may prevail.
PATIENTS AND METHODS

Study population
A total of 755 chronic hepatitis C patients were sequentially collected at three centres (303 from Geneva, Switzerland, 198 from Torino, Italy, and 254 from Vicenza, Italy). Inclusion criteria included: (1) a liver biopsy performed for diagnostic purposes showing chronic hepatitis; (2) detectable HCV RNA in serum; and (3) a HCV genotype belonging to genotypes 1-4. Patients with infection with HCV genotypes 5 or 6, active liver disease related to hepatitis B virus, infection with the human immunodeficiency virus 1, stigmata of autoimmune liver disease (as defined by international criteria), 16 or drug induced liver damage were excluded from the study.
This study was conducted in conformity with the Helsinki declaration and all patients consented to participate.
Statistical procedure
All patients fulfilling the above criteria were studied to assess the relationship between steatosis and fibrosis by means of both univariate and multivariate stepwise logistic regression analyses. For both analyses, when steatosis was used as the dependent variable (that is, absence v presence of steatosis, independent of its severity), we considered the following as independent variables: sex, age, HCV genotype, ongoing alcohol abuse (.40 g/day, based on self reporting), BMI (kg body weight/(body height in meters) 2 ), history of diabetes, liver disease activity score (Metavir), 17 and a modified fibrosis score. For the latter, we took into account the Metavir fibrosis score and the clinical stage of disease in order to divide patients into four separate groups: those without fibrosis, those with portal fibrosis without septa or with a few septa (Metavir F1-2), those with extensive fibrosis (Metavir F3-F4) but compensated liver disease, and finally those with decompensated cirrhosis, included at the time of liver transplant. When fibrosis was used as the dependent variable (that is, absent or present, irrespectively of the score), we considered the following as independent variables: sex, age, HCV genotype, past alcohol abuse (.40 g/day for .5 years), BMI, history of diabetes, Metavir activity score, 17 and severity of steatosis. The latter was graded as 0 or absent (,1% of total hepatocytes), 1 or mild (between 1% and 30% of hepatocytes), 2 or moderate (between 30% and 60% of hepatocytes), and 3 or severe (.60% of hepatocytes). 18 As liver biopsies were evaluated at three centres, in order to minimise the impact of interobserver variability we randomly selected 10% of histological slides at the two centres of Torino and Vicenza and these were read by the Geneva pathologist (LR-B) who had already evaluated the largest number of cases. The rate of concordance with the original scores was 95%.
Univariate analysis was performed by the x 2 test for frequencies and by the Mann-Whitney rank sum test for means. Stepwise logistic regression was used to evaluate the independent association of the considered variables with steatosis and fibrosis, taking into consideration the possible centre effect. The maximum likelihood method was used for entering or removing variables at each step. Bio Medical Data Processing (BMDP, Dynamic version 7.0, Los Angeles, California, USA) was used for calculations. Tables 1 and 2 report the baseline characteristics of the 755 chronic hepatitis C patients: 315 (41.7%) had steatosis and 187 (24.8%) cirrhosis. Among these, 109 were included at the time of liver transplant. Table 2 reports patient features divided into two groupsthat is, patients infected with HCV genotype 3 versus those infected with other genotypes. Patients with genotype 3 were younger (p,0.001), had a lower BMI (p,0.001), had less frequently a history of diabetes (p = 0.014), had more frequently a moderate or severe steatosis (p,0.001) or a fibrosis score of F1-F2, and were less likely to present with decompensated liver disease. Tables 3 and 4 report the results of the univariate analysis using, respectively, steatosis and fibrosis as the dependent variables. Patients with liver steatosis were more likely to be older (p = 0.002) and have a higher BMI (p,0.001). Liver Steatosis scores were significantly associated with the stage of liver disease, according to our modified scores (p,0.001) (fig 1) . When all patients were considered ( fig 1A) , the majority of patients without fibrosis had no steatosis (116/ 157 (73.9%)). When the fibrosis score increased to F1-F2, there were still 200/350 (57.1%) patients who lacked steatosis but the proportion of patients with steatosis scores 2 (n = 35) to 3 (n = 22) increased to 16.3%. This increase was more significant in patients with a fibrosis score of F3-F4 (with compensated liver disease) as moderate (n = 20) to severe (n = 12) steatosis was found in 23% of cases. In patients with decompensated cirrhosis however, most (74/109 or 67.9%) lacked steatosis, and moderate to severe steatosis was rare (5/ 109 (4.6%)). Similar variations were seen when patients were stratified according to genotype (fig 1B-C) . Tables 5 and 6 show the results of multivariable logistic regression analysis performed on all 755 patients. Steatosis was associated with fibrosis score (p,0.001), HCV genotype (p,0.001), BMI (p,0.001), ongoing alcohol abuse (p,0.001), and age (p = 0.001) (table 5). The strongest association was with genotype 3 and, for fibrosis, the association increased with progression of the fibrosis score. In fact, assuming an odds ratio (OR) of 1 for the absence of fibrosis, OR was 1.79 for scores F1-F2 and 2.95 for scores F3-F4 with compensated liver disease. In patients with decompensated cirrhosis, OR decreased to 0.93 but the negative association was not statistically significant (table 5) . When liver fibrosis was considered as the dependent variable, its presence was associated with Metavir activity score (p,0.001), age (p,0.001), steatosis score (p = 0.001), past alcohol abuse (p = 0.015), and BMI (p = 0.034) (table 6). The significance of the association with fibrosis, for both Metavir activity and steatosis, increased in parallel with their score values (table 6) .
RESULTS
Patient features
Univariate analysis
Multivariate analysis on all patients
Multivariate analysis on patients with HCV genotype 3 When we considered the 178 patients with HCV genotype 3, the presence of steatosis was associated with fibrosis score (p = 0.011), BMI (P = 0.035), and Metavir activity score (p = 0.044) (table 7). As far as the association with fibrosis is concerned, it increased in parallel with the increase in fibrosis score. Assuming OR = 1 for the absence of fibrosis, the OR was 3.16 for scores F1-F2, and 5.10 for scores F3-F4 and compensated liver disease. In patients with decompensated cirrhosis however, the OR decreased to 0.308 (although the negative association was statistically not significant) (table 7) . Regarding the Metavir activity score, although the relationship was significant when all patients were considered together, the statistical association lost significance when the population was divided according to individual scores.
When we considered (table 8) fibrosis as the dependent variable, it was found to be associated with Metavir activity score (p,0.001), age (p = 0.005), and steatosis score (p = 0.018). In particular, the significance of the association with Metavir activity increased in parallel with its scores. For steatosis, the OR was significant only for mild steatosis (table 8) .
Multivariate analysis on patients infected with a HCV genotype other than 3 Finally, we considered only patients (n = 577) infected with a HCV genotype other than 3. When steatosis was the dependent variable (table 9), it was associated with ongoing alcohol abuse (p,0.001), BMI (p,0.001), fibrosis score (p,0.001), and age (p = 0.010) (table 9).
We then considered fibrosis as the dependent variable (table 10) 
DISCUSSION
We have demonstrated, using a large multivariable logistic regression analysis stratified according to HCV genotype, that liver steatosis is associated with liver fibrosis only in chronic hepatitis C patients infected with genotype 3. In patients infected with other genotypes, age, prolonged alcohol abuse and possibly history of diabetes may prevail in determining the progression of liver disease.
These findings add to other analyses (mostly univariate 6 7 13 19 and in two cases multivariate 8 20 ) published previously. There are some noteworthy differences as to their conclusions, partly due to discrepancies in scoring histological parameters or clinical variables such as alcohol abuse, but mostly due to major differences in patient baseline features. In a multivariable logistic regression from the USA, 8 the only independent predictors of steatosis were BMI and genotype 3. However, excluding 17 patients with risk factors for nonalcoholic steatohepatitis, only genotype remained as a factor affecting steatosis. Moreover, steatosis and liver inflammation were the only independent predictors of liver fibrosis, thus excluding a likely role of a history of alcohol abuse. We partially confirmed these results but we also identified fibrosis score, ongoing alcohol abuse, and age as further independent predictors of steatosis, and age and past alcohol abuse as further predictors of fibrosis. These discrepancies may be due to different population features-that is, the relative proportion of patients with viral versus non-viral steatosis. Studies carried out in the USA 8 and Australia 13 were characterised by a higher BMI and a lower percentage of patients with genotype 3 whereas European patients had a lower BMI (,25 in all four studies) 6 7 19 20 and were more frequently infected with genotype 3. *Odds ratio (OR) = 1 for a Metavir activity score of A0 and a steatosis score of 0.
Our most significant finding was that the role of steatosis in affecting liver fibrosis seems to be limited to patients with genotype 3, in agreement with another recent small univariate analysis from Sweden. 19 This is possibly due to the lower BMI of our patients compared with both American and Australian studies. 8 13 This finding is even more significant if we consider that patients infected with genotype 3 were younger (and possibly had a shorter duration of disease) and had a lower BMI compared with patients with other genotypes. The shorter duration of disease in patients with genotype 3 is also indirectly proven by the fewer patients with decompensated liver disease at enrolment. In patients infected with non-3 genotypes, age and history of alcohol abuse were major determinants of fibrosis (apart from liver inflammation), with diabetes following closely behind. The mechanism linking steatosis and fibrosis in patients with genotype 3 is unclear. Interestingly, among these patients (at variance with those infected with non-3 genotypes), steatosis was associated with Metavir activity, suggesting that it may be a cofactor contributing to inflammation (and hence to fibrogenesis). The opposite situation-that is, that liver inflammation is the origin of steatosis-seems unlikely because there was no association between inflammation and steatosis in patients with comparable levels of liver disease activity and non-3 genotypes.
The relationship between steatosis and fibrosis deserves further comment in view of the peculiar scoring system we adopted to classify fibrosis stages. The 109 patients with decompensated cirrhosis recruited at the time of liver transplantation, albeit presenting with a Metavir score of F4, 17 were considered as belonging to a more advanced phase of liver disease and given a distinct score. Also, the remaining classes of fibrosis were reclassified, and patients with Metavir scores of F1-F2 on the one hand, and F3-F4 scores on the other, were grouped together. This scoring system allowed us to observe an interesting phenomenon, consistent with our previous observations. 20 The odds of having liver steatosis increased with progression of liver fibrosis, independent of viral genotype. However, when liver disease progressed to decompensation, the risk of having any degree of liver steatosis fell sharply to 4.6%, independent of viral genotype, suggesting that in late stages of hepatitis C steatosis disappears, independent of its cause, as is the case for other liver diseases. [21] [22] [23] Whether this depends on reduced calorie intake, systemic shunting of portal blood, or sinusoidal capillarisation remains unclear. 23 In conclusion, we have shown that in chronic hepatitis C, steatosis may influence liver fibrosis progression in a genotype specific way. In patients with genotype 3, the presence of steatosis, which is due to HCV replication and is frequently moderate to severe, correlates with the liver fibrosis score. In contrast, steatosis and fibrosis are not associated in patients with HCV genotypes other than 3, in whom steatosis is milder and unrelated to HCV replication. In these patients, progression of liver disease may depend on other factors, such as prolonged alcohol abuse or being overweight. These results have practical implications for patient clinical management. Patients infected with HCV genotype 3 and presenting with liver steatosis, especially if moderate to severe, should be offered antiviral therapy, irrespective of other considerations, especially knowing that the rate of success in this setting, with currently available regimens, is very high. 24 Measures aimed at reducing the risk of liver disease progression in patients with genotypes other than 3, in addition to antiviral treatment, should also include strict abstinence from alcohol and body weight control. 
